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(54) Dielectric resonator antenna 

(57) The invention relates to a dielectric antenna, 
particularly suited to portable radio devices. The feed 
conductor (231) of the antenna is shaped so that it at 
the same time in itself serves as a radiator in the same 
frequency range as the dielectric resonator (220) of the 
antenna. The resonance frequencies of the feed con- 
ductor and the dielectric resonator are advantageously 
arranged to be so near to each other that there is formed 



a united operation band. The feed conductor is advan- 
tageously located on a surface (223) of the dielectric el- 
ement. The structure may also include parasitic conduc- 
tors For the antenna according to the invention, there 
is obtained a larger bandwidth than for corresponding 
antennas of the prior art. Moreover, the air gaps be- 
tween the feed conductor and the dielectric element are 
avoided, as well as resulting changes in the electric 
properties. 
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Description 

[0001] The invention relates to a dielectric antenna 
structure suited particularly for portable radio devices. 
[0002] A dielectric antenna means a resonator where 
the substantial dielectric element is open on several 
sides, so that electromagnetic energy is freely emitted 
to the surroundings while the structure resonates. Die- 
lectric antennas are advantageous at very high frequen- 
cies, because the conductor losses with them are small . 
In addition, they are small in size when compared with 
other structures that have similar electromagnetic prop- 
erties. 

[0003] The feeding of electromagnetic energy to a di- 
electric antenna can be arranged in several different 
ways The inner conductor of a short coaxial feed line 
can be extended to inside the dielectric element In that 
case the drawback is that even small air gaps left in be- 
tween the feed conductor and the dielectric mass may 
remarkably change the resonance frequency and band- 
width of the antenna. For the feeding, there can be used 
an open end of a waveguide or another aperture radia- 
tor. The drawback of these is the relative complexity of 
their structure and resulting production costs. As a feed 
line there can also be used a transmission line formed 
of a microstrip on a circuit board and of a ground plane 
on the opposite side of the circuit board, so that the 
microstrip extends to underneath the dielectric element 
mounted on the circuit board. Even here, the drawback 
is the small air gaps that are easily left between the 
microstrip and the dielectric element. 
[0004] Among others from the article "Use of parasitic 
strip to produce circular polarization and increased 
bandwidth for cylindrical dielectric resonator antenna" 
(ELECTRONICS LETTERS 29th March 2001, VoL37, 
No 7) there is known a feed arrangement of a dielectric 
antenna, where the microstrip used for the feeding is 
located directly on the surface of a dielectric element. 
This arrangement is illustrated in Figure 1. There is 
shown a circuit board 110, on the top surface whereof 
there is the conductive ground plane GND. On top of the 
circuit board, there is mounted a cylindrical dielectric el- 
ement 120, with one bottom against the ground plane 
The dielectric coefficient of the dielectric material is for 
instance 13. The feed strip 131 is placed tightly on the 
side surface of the dielectric element, in parallel with the 
axis of the cylinder. The dimensions of the parts are de- 
signed so that when the feed strip is connected to a 
source with a given frequency, a resonance is generated 
in the dielectric element, and the structure functions as 
a radiator In addition, on the side surface of the dielec- 
tric element, there is provided a parasitic second micro- 
strip 132, which in the drawing is at the lower end con- 
nected to the ground plane. Owing to the effect of this 
second microstrip, there is obtained a second reso- 
nance frequency for the structure, which second reso- 
nance frequency can be arranged fairly near to the fre- 
quency of parasitic second microstrip 132, which in the 



drawing is at the lower end connected to the ground 
plane. Owing to the effect of this second microstrip, 
there is obtained a second resonance frequency for the 
structure, which second resonance frequency can be ar- 
5 ranged fairly near to the frequency of the above men- 
tioned resonance, or further away therefrom, so that the 
respective bands are separate. 

[0005] A common drawback with known dielectric an- 
tennas is their relatively small bandwidth. In a structure 
w according to Figure 1 , the bandwidth can be increased 
by means of the second microstrip, but in practice the 
relative bandwidth is not increased much over ten per 
cent 

[0006] The object of the invention is to alleviate said 
drawbacks connected to the prior art Consequently, the 
dielectric antenna according to the invention is charac- 
terized by what is set forth in the independent claim 1 
Preferred embodiments of the invention are described 
in the dependent claims. 

[0007] The basic idea of the invention is as follows: 
The feed conductor of a dielectric antenna is shaped so 
that it at the same time in itself functions as a radiator 
within the same frequency range as the dielectric reso- 
nator The resonance frequencies of the feed conductor 
and of the dielectric element are advantageously ar- 
ranged so near to each other that there is formed a unit- 
ed operation band The feed conductor is advanta- 
geously placed on a surface of the element. The struc- 
ture may additionally include parasitic conductors. 
[0008] An advantage of the invention is that for an an- 
tenna according to it, there is obtained a larger band- 
width than for corresponding antennas of the prior art 
Moreover, It is an advantage of the structure according 
to the invention that there are avoided the air gaps be- 
tween the feed conductor and the dielectric element as 
well as the resulting changes in the electric properties. 
Further, it is an advantage of the invention that the struc- 
ture according to it is simple, and the production costs 
are fairly low. 

[0009] The invention is explained in more detail be- 
low, with reference to the appended drawings, where 

Figure 1 illustrates an example of adielectric anten- 
na according to the prior art, 

Figure 2 illustrates an example of a dielectric anten- 
na according to the present invention, 

Figure 3 illustrates an example of the band charac- 
teristics of the antenna according to Figure 
2, 

Figure 4 illustrates an example of the reflection co- 
efficient of the antenna according to Figure 
2, 

Figure 5a illustrates another example of the dielec- 
tric antenna according to the invention, 
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Figure 5b illustrates the antenna of Figure 5a as de- 
tached from the circuit board, 

Figure 6 illustrates a third example of the antenna 
according to the invention, 

Figure 7 illustrates a fourth example of the antenna 
according to the invention, and 

Figure 8 illustrates an example of a device provided 
with an antenna according to the invention, 

[0010] Figure 1 was already explained above, with 
reference to the description of the prior art. 
[0011] Figure 2 illustrates an example of the antenna 
structure according to the invention. The antenna struc- 
ture 200 includes a ground plane GND on the top sur- 
face of a circuit board 210 and a dielectric element 220 
having the shape of a rectangular prism placed in the 
corner of said circuit board The dielectric element to- 
gether with the ground plane forms a dielectric resona- 
tor. In this example, the first side surface 221 of the di- 
electric element, which side surface is parallel to the first 
edge E1 of the two edges forming said corner of the cir- 
cuit board 21 0, but opposite to the side surface which is 
bordered by the edge E1 and perpendicular to the 
ground plane GND, is coated with a conductive layer 
connected to the ground plane.. In similar fashion, the 
second side surface 222, which is parallel to the second 
edge E2 of the two edges forming said corner of the cir- 
cuit board 21 0, but opposite to the side surface which is 
bordered by the edge E2 and perpendicular to the 
ground plane GND, is coated with a conducfrvelayer 
connected to the ground plane. Now the shape of the 
electric field generated in the dielectric element in the 
resonant state resembles the shape of an electric field 
that would be generated in an element that is, viewed 
from said corner, wider in the direction of the conductive 
side surfaces, and has no the conductive side surfaces . 
This means that by means of the conductive side sur- 
faces, the size of a resonator resonating at a given fre- 
quency can be reduced. 

[0012] In the example of Figure 2, the feed conductor 
231 of the antenna Is a strip-like conductor on the top 
surface 223 of the dielectric element 220. The first end 
of the feed conductor, which is located in that end of the 
top surface that faces the second side surface 222 is 
connected to an antenna port (not illustrated) by an in- 
termediate conductor 235 In this example, the feed con- 
ductor includes four right-angled bends, so that there is 
formed a pattern resembling a frame that is open at one 
corner- Substantial feature is the electric length of the 
feed conductor According to the invention, said length 
is arranged to be such that the resonance frequency of 
the feed conductor is fairly near to the resonance fre- 
quency of the dielectric resonator, so that the frequency 
bands corresponding to said two resonance frequencies 
form a united operation band. Naturally the width of a 



band formed by means of twin resonances is larger than 
the bandwidth of a dielectric resonator alone. 
[0013] in this specification and in the appended 
claims, the "bottom surface" of an element means that 
5 surface of the element that falls against the circuit board. 
Respectively, the M top surface" of an element means the 
surface that is opposite to the "bottom surface". Thus 
the terms "top surface", "bottom surface" and "side sur- 
face" have nothing to do with the usage positions of the 
10 device in question. 

[001 4] Rgure 3 discloses an example of the frequen- 
cy characteristics of an antenna according to the inven- 
tion. The result applies for the structure Illustrated in fig- 
ure 2, when the ground plane GND does not extend to 
is below the dielectric element 220. In the drawing, there 
isacurve31 of the reflection coefficient S11 as a function 
of the frequency. Between the frequencies 2.2 GHz and 
2.3 GHz, there is a resonance peak caused by the die- 
lectric resonator Around the frequency 2.5 GHz, there 
is another resonance peak caused by the feed conduc- 
tor In the curve it is seen that when using the value -6 
dB of the reflection coefficient as the criterion for the 
band edge, the operation band of the antenna is about 
2.00 GHz - 2,66 GHz. Consequently, the absolute band- 
width B is 660 MHz, and the relative bandwidth is 28%. 
This is roughly doubled in comparison with the values 
achieved by means of corresponding known antennas, 
[0015] Rgure 4 Illustrates, by using a Smith diagram, 
the quality of matching of the same antenna that was 
referred to in Figure 3, The curve 41 shows how the 
complex reflection coefficient is changed as a function 
of the frequency. The circle 42, drawn by dotted lines, 
shows a limit inside which the magnitude of the reflec- 
tion coefficient is smaller than 0.5, i e. -6 dB From the 
curve 41 it is seen that said antenna structure can still 
be improved An optimal situation with respect to band- 
width is reached when the loop contained in the reflec- 
tion coefficient curve is completely inside the circle 42. 
[0016] Rgures 3 and 4 illustrate measuring results. 
The radiation patterns obtained by simulation prove that 
as regards the directional characteristics, said exempla- 
ry structure is well suited to radio devices, the position 
of which is altered in a random way. 
[0017] Rgures 5 a and b illustrates another example 
of the antenna structure according to the invention. Fig- 
ure 5a shows a perspective view of the antenna. Also 
in this case, the antenna structure includes a ground 
plane GND on the top surface of a circuit board 51 0 and 
a dielectric element 520 having the shape of a rectan- 
gular prism placed in the corner of said circuit board. In 
accordance with the structure illustrated in Figure 2, the 
same two side surfaces are coated by a conductive ma- 
terial connected to the ground. The difference with Rg- 
ure 2 is that the top surface 523 of the dielectric element 
is not provided with the feed conductor of the dielectric 
resonator. In this example, the feed conductor 531 is on 
the bottom surface of the dielectric element This is seen 
in Figure 5b, where the dielectric element 520 is de- 
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tached from the circuit board 510 and turned upside 
down, so that the bottom surface is visible. The feed 
conductor, which according to the invention aiso func- 
tions as a radiating resonator, now forms a Meander pat- 
tern in the longitudinal direction of the dielectric element. 
For the feed, one end of the Meander pattern is provided 
with a contact pad F2 When the dielectric element is 
Installed in place, said contact pad F2 matches the feed 
pinF1 extending through the circuit board. (For the sake 
of simplicity, this specification only deals with the anten- 
na feed. Naturally the antenna is a two-way antenna, 
which means that the feed pin also is a reception pin ) 
[0018] In this example, the bottom surface of the die- 
lectric element 520 also is provided with a parasitic con- 
ductor 532 When the dielectric element is installed in 
place, the other end of the parasitic conductor matches 
an extension of the ground plane on the circuit board, 
so that said other end of the parasitic element is con- 
nected to ground. 

[0019] Figure 6 illustrates a third example of the an- 
tenna structure according to the invention. The antenna 
structure 600 comprises a ground plane GND and a di- 
electric element 620. In the dielectric element, the cor- 
responding two side surfaces 621 and 622, as in the 
structure of Figure 2, are coated with a conductive ma- 
terial connected to ground. The difference with the struc- 
tures of figures 2 and 5a,b is that the antenna feed con- 
ductor 631 now is located on the uncoated side surfaces 
of the dielectric element. In this example the first part of 
the feed conductor, is located on the side surface that 
is opposite to the second side surface 622, and the sec- 
ond part is located on the surface opposite to the first 
side surface 621. According to the invention the feed 
conductor at the same time serves as a radiating con- 
ductor 

[0020] Figure 7 illustrates a fourth example of the an- 
tenna structure according to the invention. The antenna 
structure 700 comprises a ground plane GND and a di- 
electric element 720. In the dielectric element, the cor- 
responding two side surfaces 721 and 722, as in the 
structure of Figure 2, are coated with a conductive ma- 
terial connected to ground, with the difference that the 
first side surface 721 is coated only partly. In this exam- 
ple the feed conductor 731 , which according to the in- 
vention at the same time serves as a radiating conduc- 
tor, is located in the uncoated area of the first side sur- 
face 721. 

[0021] Figure 8 illustrates a radio device MS, for in- 
stance a mobile phone Inside the radio device, there is 
a circuit board 810, the top surface whereof is ground 
plane, at least for the major part. In the corner of the 
circuit board, there is arranged a dielectric antenna 800 
according to the invention. 

[0022] Above it has been described some antenna 
structures according to the invention. The antenna 
structure may deviate from those described. The shape 
of the dielectric element, as well as the shape of the feed 
conductor, may vary greatly The fastening of the feed 



conductor onto the surface of the dielectric element may 
be carried out in many different ways; the conductor can 
for instance be made of adhesive and electroconductive 
plastic. The feed conductor can also be formed inside 
5 the dielectric element already at the production phase 
thereof. The Invention does not in any way restrict the 
manufacturing manner of the antenna Thus the inven- 
tive idea can be applied in many different ways within 
the scope defined in the independent claim 1 . 

10 

Claims 
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A dielectric antenna comprising an open dielectric 
resonator having a dielectric element, a ground 
plane and a feed conductor to guide an electromag- 
netic field to the dielectric resonator, characterized 
In that said feed conductor (231 , 531 , 631 , 731) fur- 
ther is arranged to resonate in operation band of 
said antenna. 

An antenna according to claim 1 , characterized In 
that side surfaces of the dielectric element are part- 
ly coated with a conductive layer galvanically con- 
nected to the ground plane. 

An antenna according to claim 1 , characterized In 
that the frequency bands corresponding to reso- 
nance frequency of the feed conductor and to res- 
onance frequency of the dielectric resonator form a 
united operation band for the antenna. 

An antenna according to claim 1 , characterized In 
that the frequency bands corresponding to reso- 
nance frequency of the feed conductor and to res- 
onance frequency of the dielectric resonator form 
two separate operation bands for the antenna. 

An antenna according to claim 1 , characterized In 
that the feed conductor (231 ) is located on the top 
surface of the dielectric element (220). 



6. An antenna according to claim 1 , characterized In 
that the feed conductor (531 ) is located on the bot- 

45 torn surface of the dielectric element (520). 

7. An antenna according to claim 1 , characterized In 
that the feed conductor (631 ) is located on at least 
one side surface of the dielectric element (620) 



8. An antenna according to claim 7, characterized In 
that said at least one side surface (721 ) is partly 
coated with a conductive layer galvanically con- 
nected to the ground plane. 

9. An antenna according to claim 1 , characterized In 
that the feed conductor is located inside the dielec- 
tric element. 
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10. An antenna according to claim 1 , characterized In 
that the feed conductor is a strip conductor. 

11. An antenna according to claim 10, characterized 
In that said strip conductor is a meander element 
(531,731) 

12. An antenna according to claim 1 , characterized In 
that it further comprises at least one parasitic con- 
ductor element (532). 

13. An antenna according to claim 10, characterized 
In that said strip conductor is made of electrocon- 
ductive plastic. 

14. A radio device (MS) having a dielectric antenna 
(800), which comprises an open dielectric resonator 
and a feed conductor to guide an electromagnetic 
field to the dielectric resonator, characterized In 
that said feed conductor further is arranged to res- 20 
onate in operation band of said antenna. 
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